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(54) PRODUCTION OF NARROWLY DISTRIBUTED POLYMER, NARROWLY DISTRIBUTED 

POLYMER AND ITS APPLICATION TO RESIST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a narrowly 
distributed polystyrene polymer suitable as a resin material 
for resist and to obtain a chemical amplification-type 
positive resist composition having excellent sensitivity and 
resolution by using the narrowly distributed polystyrene 
polymer. 

SOLUTION: A styrene derivative of the formula (R is a 1- 

1 2C aikyl or a 1 -1 2C aikanoyl) is subjected to radical CH,=CH 
polymerization in a living state in the presence of a free- fj^j 
radical initiator and a nitrogen-containing stable free-radical 

active agent, a terminator is added after the polymerization O-R 

have proceeded until the objective molecular weight, arid 

the free-radical active agent bound to the polymer terminal 

is removed with the result that the objective narrowly 

distributed polystyrene is obtained. In the obtained 

polystyrene, the group corresponding to the R is removed to 

convert the OR part to a hydroxy group, and the hydroxy 

group is partly protected with an unstable group against an 

acid, and as a result, a copolymer having a p- 

hydroxystyrene unit and the unit which is formed by protecting the hydroxy group of the p- 
hydroxystyrene unit with the unstable group against an acid is obtained. A positive-type resist 
composition having the copolymer as a resin component is also provided. 
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!#b^S^(T)SM¥^^M(^25,000, .20T*fcofc 0 
[OO49]Jt«£j$0l1[E±] 

p-tert-^h^rvX^U^.^OVyyU/^-Tl-JF^^KS^^, 2, 6, 6-xh^^^;U 



-1 - tf^'je/-;i/^S/(D*$-ttl-?tl80g s 0.366g&tfo.307g<tLfcJ*l*m> £ 
J*«IJ1 <t|H]4i[3LT1 30 0 CT*5B#rBlOm^J5f5*ftofc 0 -(7)B#£JZfclt&S£te(7) 
SM¥^^M(i$^6,000Trfeofco ^<D&tKP^/>£»1±-f ^SJgT*£b 
[Z2B#r B 1ffi}tLfcoC(DB#ji|[ZfcMt^S^tt:<DmM¥^^M[*^14,OOOT*&ofc, 

[0050]J:b$^^J2C|5|±] 

p-tert-^MrvX^ly> N 4, 4' -TVtfX'TVl&ifci/WU&tf 2, 2, 6, 

^^;U-1 -t o ^ l Jv-;U7hJFv0M^^i^2,7OOg, 1 5.87g&tf 14.01 g<!:L 
tz&LtUts £tiLM2tmmzLX* 1 30°CT?21 BtfUim^JkJ^Tofco -(7)0#,#JZfc 
lt^)S^^(7)SM¥^^M[i, fa24,000T?foo7t 0 ^(D^s Z.<Dft%&**J—)\, 
^lZ^X±m^)Xm.^, #St, SJSLT. 1 ,290g(7)*°U(p-tert-?MrVX^ 
U»^llL/io £bftfcS£tt<0Sm¥$#TMl;M&24,OOO, ^^ftJSttl .22 

[005l]J;k$^^iJ3ClB]±] 

p-tert-^h^FvX^UV, ^Jr^-fK^U^, 2, 6, 6-xh7^;l/ 

_1 -e^'Jv-;U7hJFv(DM^tl^880g, 4.03g^t;3.38g(hL/cmH(*s £ 
f£$J3<t|H]*i[ZLT1 30 0 CT*8^r B 1<Z)S^J5JS*fTofc 0 Z(7)0#j&[Zfc[76S£{*<7) 
Sm¥$#TM[*5ft25,OOOT*fcof::o ^<7)&, Z<Dmfo$:*9S—J\'*lz£.l\V± 
J*^^;K^ii,^ll,^'jtLT, 283.2g(7)7K'j(p-tert-7>^vX^U>)^mif 
Lfco #b^fcS^^0SM¥^I^Ml^25,OOO, £$Hft£[*1 
[0052]£j«5[tert-^f;USM|f] 

^^iJ3Tl#btlfr/1^U(p-tert-^>^rvX^U>)1 10g^2-^P/V-;U550g 
[Z»*T»#St!-fc&, 70°C^M<D;I^i££»LT 1 6B#f!i]$B#U 
7K^(3;±LN-e^^^;M$-ti, ^HLfco #b^/c*I$S H B H ^lfIix^Hz;^¥L, 
>£&7K£7JP*.T#$U gt^Lfcc i§ LT;IfisLfd£, 7--t?h>£7JP;L, 

( P -tKP J FvXTU»72g^#/ic 

[OO53]£j£0i]6[i -xMp>x^;Mb] 
£j£$j5T:1#b;|xfc7Ky(p-tKP^V^^ 

i|^)O.0l 7g^^Pt 0 U>^iJ=i— ;i^E/^;ux— x^Tirx— M 80g[z;g$?U -tz^ 
x^ue-yUX-xyH 0.2g^;jSTL/r o 2 5 °C -£30^1}^ ^^^^V^^^h 

m-mft*3®?j'ox%tftuz 0 z0^mfr^m%z%£LX}mLtz&, ? o pe 

U^'jzi-yu^y^^UTirx-h^P^T^blz^ffi^^S-r^^^fz^y^^M^ 
U 7KIIS^^^[31 -xhJFvx^;ux-x;Mb^tifc7ts 0| J(p-tKP^vX^U 
»(7)^134g^#fc 0 

[oo54]^(7)^^(7) m Bftm&zmmmmmmmz&im&btztz?> s 3oi<yox 

feofc„ Hffll*<7)1 -xh^vx^;Mb$(7KIIS&t;i -xMrvxMrvS(7) 
£ItC:;xft&1 -Xh^rVXhJrvS(DllJ^)^NMR;lij^[Z c fcy^/c<t-6, 48.0% 

Xh-otzo 



[OO55]£j£0mP±] 

x^;nf -;ux^f;KDM$-6.5gtLfcJ2l^l*> £j£$J6<!:|f|*i<Z)J£fE£fH\ 7KII 
Sj&<W#MIci -xh^i/x^;ux-x;Mb^tLfc/-K l J ( P -tKP^vX^U»(7);£ 

6.4%T*&ofc 0 $11*0)1 -xh4ri/X^;Mb*$-NMRaiS[Zj;y*«)fc^ 

30.5%Tf&ofc 0 
[OO56]J:b$^^iJ4[tert-^;US0^ll] 

ib$^^J3T:1#btl^U(p-tert-^^vX^U>)75.2g^2-^P/V-;U3 
76glZ**T»#*t!\ Jafc£j*fil5£P«<Dl#ft£*ToT\ *\l(p-tKP**>X^ 
U»50g£!#fc o 

[OO57]J£&£j£0]5[1-xMri/X^;Mb] 

ib$^^iJ4Tl#bti^7KU(p-tKP^vX^U>)25g^fflLN,x^;ue-;ux- 
x;KZ)M*7.5g[z^MLfcm^[*. £j$0i]6<t|!j]*§a)i#fF£<ToT, tKKS^SP^W 
[d -xh^vx^;ux-x;U^b^tifc7K l J(p-tKPJrvx^U>)(7);§;^98.3g^!# 
fee C(D^M^<Z)@^;lJt*JlP^M^M^(z«fey*tofc < !:Z6, 29.9%T*fco 
fc„ mm*0)l -Xh4ri/X^;^b**NMRaiS[Z«fey#ftfct^, 4O.0%T* 

[0058]£j£#j8[tert-^;US<Dj]#gt] 

^^^Tifbtl/iTtN 0 '; (p-tert-^h^rvX^b» 1 20.9g£2- ?°P/<\y-;U605g 
(Zftl^TJSjBS-frfcft, 65°CT?'>«<Djltaift*^»PLT5B#raai^L, ^(ZjSjft** 

tert-7l**isitm&NMRfflmiZ&MltotztZ*> s p-tert-^h^>X^U>^^ 
9.8%, Sy^p-th*P^>XTU>^i4T?fcofc 0 
[0059]^^IJ9C1 -Ih^vXfjMt] 

^jS«iJ8T-#btLfc^fli28gi:p- h;ux>x;U/1s>Iii 7K*n^o.oi Sg^^-i'v? 

^;U>Th>1 50g[ZjgjSL, ^-c-sx^;ue->iUx-x^6.4g^TL^o 25°CTr30# 
fiiHf ^T:/X&7K£fln*T#j&Lfc„ #b*ifc^ji£^>£&7K<!:;I£U 

eu^'jzi-yu^y^^yuT^x-h^P^T^blz^^^^S-r^^ctfz^y^^M 
&U$fll$?ft107g£#fc o 

[OO6O]Z0^0@^;lJt^Pf»^M^M;i[3«fcy*ftfc < !:Z6,294%T*&o 
tzo $11*01 -xh^vx^;Mb^(7K^S, tert-^MfvS&tfi -xMp 
VXh^vS(7)^If[Z^«1-Xh^vX^vS(7)ilj^)^NMR;lij^[Z c fcy^/c 
<^3, 35.5%T*&ofc 0 Lfc^oTC0)^i[±, p-tert-?>^vX^U>iiM£^9.8 

^e;u% n p-1 -xh^vxh^vXTU>iiM±^35.5 ^e;u% n »yj&< P -fcKn**>* 

^u>^^b^ta)^fe^ 0 

[006l]£j&fli]10[|f|±] 

x^;uex;ux-x;KZ)M*3.7gi:LfcJsmiis £j##J9<*:|5lti0)^#£froTs ^J9i 



1 8.5%1?&ofc 0 LfctfoT^tDflfJll** p-tert-^hdrVX^U>^i^9.8 ^E;U%. 
p-1 -Xh^rVXhJrvX^U'>miiL^18.5 ; E>il,% s »tJA<p— tKP^>X^U>m 

[0062]ib$^^iJ6Ctert-^;US(7)M] 

tt^mmm2Vm^tzt^J (p-tert-^MfvX^U» 1 ,290g£2-;?P/V— ;U 
6A50 s lztiaz.xmmtttz&s 65W>a0;I^It^^^LT7B#r B 1if#L, 
£7R4Mza^T**£$£-fc!\ ^StLfco £j&1^<^*§0&^II£jjteLT, gp#ltt 
[Ztert-^>^vS^i^L^7KU(p-tKP^vX^U>)832g^#^ 0 ^(7)^(7) 
tert-?h*i/*b*£NMRil£[Z«fcy#i&fc£^ p-tert-^h^>X^U>^^ 

[0063]tt«£j*tt7[1-iMri/X^;iMb] 

ib$^^J6Tl#btl^Ii41 4.6g^fflU, X^;Ut*-;UX-x;U0)M*9O.4g[Z^ 

^(DSJf^I^^P^KMMM^fZ^y^fc^^, 30.6%T?&ofco Sfc, Wig 

oT^G>8NH** p-tert-^h^vX^I>>mfe^9.8 =E;U%, p-1 -xMf*>xMf 
^>x^u>^i^30.6 ^u%, ^y^p-tKP^vX^U>m^^b^^tO)T?fe'g> [ 
[0064]ibi^^iJ8ClH]±] 

J±l££j&1?iJ6T:i#bft/^tfIi41 4.6g£ffll\ X^Uex;i,X-7 L >'K7)M$-54.4g[Z^ 
oTC(D^Ig(i, p-tert-7h^vX^U>3M±^9.8 =E;U%, p-1 -Xh^vXMP 

i/X^U>jm<4^l4.9 =E)l%, ^U^p-tKP^vX^U^mii^b^^t^Trfe'g). 

[ 00 6 5 ] mm w 1 n 6 a 1 x% b ^fc^ig © ?° □ t° u =1 —j u^/y^ux 

-x^T-trx-h;^;^, *tfll<7)i -xh^>x^;Hb*3&UO%^«j:'6«fe3(3K^Lfc 
[0066] 

ttn 

j*^:±aHO)<!:fcyijg^LfcWfli(@^M) 13.5 ^ii^^y : ex(v^p^v;ux 

;U7tv-;U)^7 x /^> 0.5 Slbx>^- : vv^7P^v;^^;U75> 0.01 gR fh77' 
^yuT^^E-^AtKP^vKo.oi gflftrtSfl i/fWnbfUi/^'j^— ;u 0.135 gR (ft 

5fc#E2£l|!(*IO§!L ^-ifv0Mw 1,000) 

i^ptV^'jzi-yu^y^ux-^UT^-hso gp (*flg;£;»b(7)f#*> 
[00 

67]^;£[Z c fcy^L^V l J=i>^x/\-[Z N xe>=i-^-^ffl^T±IHUvXK^ 
0$E^^L,^[C^(7)v'J=i>^x/\-^/1-^^V-h±[CT9O o CTr9O#r B 1^ 1 ;^- 



[OHO -=l>M(7)"NSR-2205 EX1 2B'\ NA=0.55, C7=0.8 H^M^KPSWlC 
^b^TffiftLfco R^O^i/x-*, ^h>»V-h±[cTl 05°CTr90#P B 1M 

[0070]J±^J1^fl|J*^, J*3S£j*ffl5T'?§b*lf::1 -Xh4ri/X^;^b*3&U 

o%<D®miz&ttVL9Ut* mmMitmmo)nm£?T?tz 0 finnan iz^to 

[0072] 

m 

mmft:±ft<Dtwm£Uz®m(mMftw) 13.5 wK#§^j : ex(^p^> 

;ux;U7fx-;u)v7V^> 0.5 Uo^- . HM[2- (2-p<MpvxMp»x^) 
75> 0.01 SB xh^^UT^xOAtKP^rvK 0.01 Uftfrffl :/"K'J ^PtV^ 
U=l-;U 0.135 g|J (ft^M^XH >-*-i^(DMw 1,000) 
jS*J :^Pt°U>^'J=i-;U^/^;Ux-^;U7-trx-h80 gp (*£JJliS#frba>£*> 



[0073]^(7)UvXh;^Jiffl^Jl ir^^fcLTi/'J=i>^x/\-[z[l]$K^Ls ^'M 

-<7(7)^jt^i oo°c, h^&k-^sjs^i 1 o 0 c£Lfcumi^ Mffl^Ji ti^ntc: 

[0074]J±$^iJ2^Igj&#£^b$^^ 

-;u^/^^;ux-x;U7i?x-h;^;^^b^lB(Di-xh^vx^;Mb$^22o/o^d: 

[0075] 

M 

ftjUUiJt JSteJt t-7>+-> 1-xh+v *SS(D7U- (mJ/cm 2 ) (// m) 

w x^b$ ^>'^mm 

0]1 ^JSfefli - 40 % I^S-T^ 58 0.18 6&tf7j±$5$j1 J±$££j£$J ~ 40 % 



92 0.18 5 

jlffl 

$J2 9.8 % 22 % I^S-T^ 24 0.20 9&t>* 10 ib$S^J2 J±&£j£#"J 9.8 % 22 % 

52 0.20 7%.X$8 

[00 

76mM^ttn i J^my i J-^±j^mM-r:^z, 2, 6, 

fc^Efln XtteT*!*, ibWJlzib-<T^Jt^L<[R]±-r^o £fc ibl^n st;2 

[0077] 

[f§0J(7)^m]*^0^[3 < fctl[^\L^*^^^Ue>^v±l;^m^[ZfflL^^S^7'J-^ 

tzmte.tt-t&tvxT^m&m&.t&zttfX'Z&o zlx, zot^j^^mo 
mm^m^\m-tz>zt\zM^ ^myj-^^j^mmm^Lx^ts uy 



